Abstract. Using of precise temperature control method requires knowledge of the dynamic properties of the controlled system. It can be determined by applying infrared camera to the temperature measurement of controlled system. The article presents two models of induction heated rotating steel cylinder and the method of their parameters estimation.
Introduction
Among many areas, where inductive heating is possible to apply, heating of moving inductors, of a rotating steel cylinder, is an important issue. Due to many advantages of this type of heating, it is widely used among others in paper and textile industry. Also, high technological demands about temperature distribution on the surface of the cylinder make it necessary to use several inductors along the axis of the cylinder, and to equip this set with precise system of temperature measurement and control, which requires the exact knowledge about dynamic parameters of the object. Infrared camera was quite often used for precise temperature measurement [1, 2] .
In Computer Engineering Department in Lodz University of Technology, researches on these issues are carried out to develop a semi-industrial set up for inductive heating of a steel cylinder [3] . These studies are coupled with the selection of adequate control algorithms [4, 5] , procedures of processing the measurement data and generating the active power on the surface of the cylinder [6] .
Recently, the experimental setup has been equipped with an infrared camera, which enables receiving more precise temperature data on the examined object than from the previously used IR sensors.
In Fig. 1 , a block diagram of the system, which enables the identification of dynamic parameters and temperature control of induction heated rotating steel cylinder, is shown. In this system, a steel cylinder of 1. As it has been mentioned, the knowledge of dynamic features of the controlled object is necessary to succeed in application of precise methods of temperature control of the surface of the object. Due to that, in this paper two variants of transfer function model of the steel cylinder and of the method of calculating its dynamic parameters using the information from the infrared camera have been presented.
Transfer function models of heated rotating cylinder
One of widely used transfer function models of the object of studies is the one, in which temperature of each section of the object is the output signal, and the input signal is the power provided to the object [2] . Its structural scheme is shown in Fig. 2 .
In this model, direct couplings between the power pro- occur. In this case, the first order inertia block with time delay can be used as basic elements [7] :
where: K -model gain, N -time constant, L -delay time.
In the other variant of the model, there is only one coupling between the provided power and temperature of the section below the inductor. The temperatures of other sections are coupled with the temperatures of the nearby sec- 
Identification by step response method
Step response experiment has been performed using heat- For modelling purposes the whole cylinder was divided into 19 equal zones. Since its symmetry only ten zones, modeled by transfer functions G 0 to G 10 respectively, have been taken into account. Parameters of the model were optimally chosen using Matlab "Optimization Toolbox". The optimization criterion was defined as follows: Table 1 .
In the Table 1 some intuitive relation between parameters of particular blocks can be observed: the farer from the heated region the lower the model gain and the higher time constant and time delay.
Tab. 1: Determined using step-input response parameters of transmittance of the first variant of the model These parameters are gathered in Table 2 and the comparison of experimental and model results is shown in Fig. 8 .
As a verification of both model structures ( Fig. 1 and Fig. 2 ) the dynamic properties chosen part of the cylinder (the middle zone of one half of the cylinder) determined by both methods have been compared. The relation between the models is expresses as: Tab. 2: The parameters of the second variant model determined using step-input response Parametric identification of first variant of transfer function model (Fig. 2) has been determined in similar Relations between dynamic properties of different cylinder zones depicted in Table 3 are similar like dis-Tab. 3: The parameters determined using impulse response method of the first variant model 
Conclusions
The application of an infrared camera for acquiring in- 
